Method of attempted suicide as predictor of subsequent successful suicide: national long term cohort study by Runeson, Bo et al.
RESEARCH
Method of attempted suicide as predictor of subsequent
successful suicide: national long term cohort study
Bo Runeson, professor,
1 Dag Tidemalm, research associate ,
1 Marie Dahlin, senior psychiatrist,
1 Paul
Lichtenstein, professor,
2 Niklas La ˚ngstro ¨m, professor
2,3
ABSTRACT
Objective To study the association between method of
attempted suicide and risk of subsequent successful
suicide.
Design Cohort study with follow-up for 21-31 years.
Setting Swedish national register linkage study.
Participants 48649 individuals admitted to hospital in
1973-82 after attempted suicide.
Main outcome measure Completed suicide, 1973-2003.
Multiple Cox regression modelling was conducted for
each method at the index (first) attempt, with poisoning
as the reference category. Relative risks were expressed
as hazard ratios with 95% confidence intervals.
Results5740individuals(12%)committedsuicideduring
follow-up. The risk of successful suicide varied
substantially according to the method used at the index
attempt. Individuals who had attempted suicide by
hanging, strangulation, or suffocation had the worst
prognosis. In this group, 258 (54%) men and 125 (57%)
womenlatersuccessfullycommittedsuicide(hazardratio
6.2, 95% confidence interval 5.5 to 6.9, after adjustment
for age, sex, education, immigrant status, and co-
occurring psychiatric morbidity), and 333 (87%) did so
with a year after the index attempt. For other methods
(gassing, jumping from a height, using a firearm or
explosive, or drowning), risks were significantly lower
than for hanging but still raised at 1.8 to 4.0. Cutting,
other methods, and late effect of suicide attempt or other
self inflicted harm conferred risks at levels similar to that
for the reference category of poisoning (used by 84%).
Most of those who successfully committed suicide used
the same method as they did at the index attempt—for
example, >90% for hanging in men and women.
Conclusion The method used at an unsuccessful suicide
attempt predicts later completed suicide, after
adjustment for sociodemographic confounding and
psychiatric disorder. Intensified aftercare is warranted
after suicide attempts involving hanging, drowning,
firearms or explosives, jumping from a height, or gassing.
INTRODUCTION
Suicide is a leading cause of death, and improving
assessmentand treatment of those at risk is paramount
in clinical medicine in general and clinical psychiatry
in particular.
1 The risk of suicide after an unsuccessful
attempt is around 10% over follow-up of 5-35 years.
2-6
Male sex, older age in women, psychiatric disorder,
7-9
and higher suicidal intent
710-14 are identified risk fac-
tors. Improved accuracy in the evaluation of risk after
asuicideattempt,however,isimportant.Forexample,
although suicidal intent certainly seems relevant,
7
available instruments show inconsistent results con-
cerning the relation between suicidal intent and future
suicide; furthermore, low specificity of predictive fac-
tors restricts the precision of predictions.
11
Characteristics of attempted suicide, such as being
well planned, drastic, or violent, might imply a higher
risk of a later successful attempt.
15 Despite being theo-
reticallylikelyandclinicallyinformative,however,this
issue has been little investigated. One underpowered
study of suicide after an attempted suicide in patients
with severe depression found no differences related to
method.
16 Among patients who poisoned themselves,
highly lethal attempts were related to higher risk for
completedsuicide.
14Finally,afollow-upof876people
admitted to hospital after a first ever suicide attempt
suggested that violent index attempts were associated
with 2.5 times higher risk of subsequent successful sui-
cide than non-violent attempts.
17
Most attempted suicides involve self poisoning or
cutting,
18 both sometimes classified as non-violent.
19
Consequently, even large samples might not include
sufficient numbers of attempts by various other meth-
ods to study variability regarding risk of completed
suicide. To help focus aftercare on individuals at high
risk of suicide, we conducted a nationwide cohort
study of all 48649 attempts in which individuals were
treated in hospital in Sweden in 1973-82. We linked
several national registers to compare risks of suicide
by method over a 21-31 year follow-up. Drawing on
apreviousstudy,
9wecontrolledforsociodemographic
confounding and co-occurring psychiatric disorder.
We hypothesised higher risk of eventual suicide
among those using methods other than poisoning at
the index suicide attempt.
METHODS
By linking Swedish national registers, we conducted a
cohort study including all individuals admitted to hos-
pital in 1973-82 after a suicide attempt. We studied
how the attempted method predicted subsequent suc-
cessful suicide during a follow-up of 21-31 years.
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We identified all individuals living in Sweden in 1973-
82 (9.4 million) by unique personal identification num-
bersandlinkeddatafromthehospitaldischargeregister
(national coverage from 1973 for psychiatric disorders
and suicide attempts; reporting is mandatory for all
healthcare providers, including private hospitals) and
the cause of death register (both held by the National
Board of Health and Welfare), the 1970 population
and housing census, and the education and migration
registers (the latter three held by Statistics Sweden).
Fromthese,weselectedindividualsaged10orolder
who were admitted to inpatient care in Sweden during
1973-82 because of suicidal behaviour, defined as a
definite(ICD-8(internationalclassificationofdiseases,
eighth revision) codes E950-9) or uncertain suicide
attempt (codes E980-9) according to the hospital dis-
charge register (n=49509). In people with more than
one admission, we defined the first as the index
attempt. We excluded 860 individuals who immi-
grated within two years before baseline to avoid con-
founding by stressful effects of being in the asylum
seeking process. Hence, the final cohort included
48649: 23538 men and 25111 women (mean age 38
(SD 16) years and 37 (SD 17), respectively).
Variables
ICD-8 E codes provided information on the method
used for each suicide attempt, classified as poisoning;
cutting or piercing; gassing; hanging, strangulation, or
suffocation; drowning; using a firearm or explosive;
jumping from a height; other method; and late effect
ofsuicideattemptorotherselfinflictedharm(suchasa
diagnosis of pneumonia after previous poisoning).
During the period when ICD-8 was used, the hospital
discharge register classified suicide attempts by only
one (principal) method. Psychiatric morbidity was
classified as a principal diagnosis of non-organic psy-
chotic disorder (ICD-8 codes 295, 297, 298.2-9, 299),
affectivedisorder(codes296,298.0-1,300.4,301.1),or
other psychiatric disorder (codes 290-294, 300-315
except 300.4 and 301.1) present at discharge from the
index admission for a suicide attempt or at discharge
from the first inpatient episode beginning within one
week after the index episode.
Education was measured on a seven step ordinal
scale, ranging from not having completed the nine
yearsofcompulsoryschooltopostgraduateeducation,
by using the 1970 population and housing census and
the education register for 1990, 2000, and 2004. First
generation immigrant status was obtained from the
migration register. Swedish national registers are gen-
erally of good to excellent quality, and linkage offers
unique possibilities for epidemiological research.
20
Analyses and statistical methods
All patients were followed from hospital discharge for
attempted suicide to a definite or uncertain suicide
(ICD-8-9 codes E950-9 and E980-9; ICD-10 codes
X60-84 and Y10-34), death other than suicide, first
Table 1 |Method used in index suicide attempt and later successful suicide among 48 649 individuals treated for attempted
suicide in Sweden 1973-82 and followed up to 2003
Suicide attempt method Noof attempts
Suicide within 1 year after attempt
No (%) of suicides
during follow-up No (%)
Percentage of all suicides
during follow-up
Total 48 649 2041 (4.2) 35.6 5740 (11.8)
Men
Poisoning 18 225 572 (3.1) 25.5 2247 (12.3)
Cutting or piercing 1686 62 (3.7) 28.3 219 (13.0)
Gassing 318 38 (11.9) 55.1 69 (21.7)
Hanging, strangulation, or suffocation 479 226 (47.2) 87.6 258 (53.9)
Drowning 165 36 (21.8) 72.0 50 (30.3)
Firearm or explosive 287 77 (26.8) 77.8 99 (34.5)
Jumping from a height 467 122 (26.1) 78.7 155 (33.2)
Other method 1403 65 (4.6) 52.0 125 (8.9)
Late effect of suicide attempt/other self inflicted harm 508 13 (2.6) 34.2 38 (7.5)
All methods 23 538 1211 (5.1) 37.1 3260 (13.8)
Women
Poisoning 22 521 541 (2.4) 26.7 2023 (9.0)
Cutting or piercing 737 25 (3.4) 31.6 79 (10.7)
Gassing 101 8 (7.9) 53.3 15 (14.9)
Hanging, strangulation, or suffocation 221 107 (48.4) 85.6 125 (56.6)
Drowning 161 55 (34.2) 78.6 70 (43.5)
Firearm or explosive 40 1 (2.5) 33.3 3 (7.5)
Jumping from a height 335 51 (15.2) 68.9 74 (22.1)
Other method 579 29 (5.0) 50.0 58 (10.0)
Late effect of suicide attempt/other self inflicted harm 416 13 (3.1) 39.4 33 (7.9)
All methods 25 111 830 (3.3) 33.5 2480 (9.9)
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Uncertain suicides were included, as exclusion might
underestimate suicide rates.
21
Wefollowedpatientsfor21-31yearsanddetermined
absolutemortalityfromsuicideafterapreviousattempt
separatelybymethodandsex.MultipleCoxregression
modelling was conducted for each index method, with
poisoning as the reference category. We checked that
proportional hazards were constant over time by plot-
ting the partial residuals. These curves showed no evi-
dence of deviations from random distributions,
indicating that the assumption of the model was not
violated (data not shown). Relative risks were
expressed as hazard ratios with 95% confidence inter-
vals,adjustedforage,sex,education,immigrantstatus,
and co-occurring psychiatric disorder. SPSS for Win-
dows (version 17) was used for all analyses.
RESULTS
During the 21-31 year follow-up, of the 48649 people
admitted to hospital after an attempted suicide, 5740
(11.8%) later successfully committed suicide (table 1).
Attemptedsuicidebypoisoningwasthemostcommon
method (83.8% of attempters) and was linked to 4270
latersuicides.Thehighestrelativeriskforeventualsuc-
cessful suicide (53.9% in men, 56.6% in women) was
found for those in whom the index attempt was by
hanging, strangulation, or suffocation.
The proportion of all completed suicides that
occurred within the first year of follow-up was 26-
32% for index methods of poisoning and cutting or
piercing (table 1). This proportion was substantially
higherforothermethods(53-88%),exceptforattempts
involving firearms or explosives in women, when the
number of cases was small.
In the analysis of relative suicide risk by method
used at the index attempt, we used poisoning as refer-
ence category (figure). Compared with poisoning,
hanging in particular, but also drowning, using a
firearm or explosive, jumping from a height, or gas-
sing, conferred substantially higher risk of future suc-
cessful suicide. Similar or lower risks were found for
cutting or piercing, other methods, or late effect of sui-
cide attempt or other self inflicted harm.
Psychoticdisorder(hazardratio2.5,95%confidence
interval 2.2 to 2.8), affective disorder (1.5, 1.4 to 1.6),
and other psychiatric disorder (1.2, 1.2 to 1.3) were
independentrisksforsuccessfulsuicide.Whenwestra-
tified method of attempt by co-occurring psychiatric
disorder (table 2), hanging and comorbid psychotic
disorder implied high rates of suicide (58/69 (84%)
during the entire follow-up and 48/69 (70%) within
the first year for men; 27/32 (84%) and 22/32 (69%),
respectively, for women).
Most of those who successfully committed suicide
used the same method as they did at the index attempt
(table 3).Thiswasmostpronouncedamongthosewho
used hanging in the index attempt, of whom 93% of
men and 92% of women later died from suicide by
hanging. High proportionsalso used the same method
forthefinalsuccessfulattemptafterattemptsbydrown-
ing (82% of men and 86% of women), use of a firearm
(men only), or jumping from a height.
DISCUSSION
Use of methods other than poisoning and cutting, par-
ticularlyhanging,forattemptedsuicidearemoderately
to strongly related to subsequent successful suicide.
This should be taken into account in clinical practice
in the evaluation of suicide risk and in the planning of
care after a suicide attempt.
Strengths and limitations
By linking nationwide longitudinal registers, we
attempted to minimise the selection bias and low
power that have affected previous clinical studies.
The resulting large cohort was followed for at least
21 years and provided data on suicide attempts and
psychiatric morbidity. As the cause of death register
covers more than 99% of all deaths in Swedish resi-
dents, including those occurring abroad, loss of infor-
mation on outcome was minimal.
22 Furthermore, we
adjustedriskestimatesforsociodemographicconfoun-
dersandcoexistingpsychiatricmorbidity.Therewere,
however,somelimitations.Firstly,thecohortincluded
onlypeopleinwhomtheattemptedsuicideledtoinpa-
tient care. Therefore, our results might not apply to
attempts not involving inpatient care. Such patients
are generally difficult for mental health professionals
to access, assess, and treat. Secondly, we did not
study diagnostic subcategories in detail, psychiatric
comorbidity, repeated suicide attempts,
23 or the possi-
ble contribution of physical illness.
24 Thirdly, we had
no information on suicidal intent,
13 hopelessness,
25 or
treatment efforts. Fourthly, though we adjusted for
educational level, we lacked information on
unemployment.
26 Finally, despite a substantially
higher relative risk for suicide after methods other
than poisoning, most individuals (77% of men, 90%
of women) used self poisoning at the index attempt
Poisoning
Gassing
Hanging, strangulation,
  or suffocation
Drowning
Firearm or explosive
Cutting or piercing
Jumping from a height
Other method
Late effect of suicide
  attempt or other self
  inflicted harm
Total
Reference
1.8 (1.4 to 2.2)
6.2 (5.5 to 6.9)
4.0 (3.4 to 4.9)
3.2 (2.6 to 3.9)
1.0 (0.9 to 1.2)
3.2 (2.8 to 3.6)
0.9 (0.8 to 1.0)
0.7 (0.6 to 0.9)
40 746
419
700
326
327
2423
802
1982
924
48 649
012345 7 6
Method Adjusted hazard ratio
(95% CI)
Adjusted hazard ratio
(95% CI)
No
Method of index suicide attempt and risk of later successful suicide among 48649 individuals
treated for attempted suicide in Sweden 1973-82 and followed to 2003. Hazard ratios from
Cox regression models adjusted for sex, age, highest education, immigrant status, and
psychiatric disorder (psychotic disorder, affective disorder, other psychiatric disorder)
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(69% of all completed suicides in men, and 82% in
women).
Interpretation
Cutting was not associated with higher suicide mortal-
itythanpoisoning.Thismethodusuallyrepresentslow
intention of suicide and rather reflects poor emotional
regulation.
27 As cutting seldom leads to admission to
hospital,
28 individuals who were admitted were possi-
bly more help seeking or perceived as having a higher
riskofsuicide.Wedidnot,however,evaluatethelatter
reason in our study.
Obviously, choice of method in those who attempt
suicide might reflect suicidal intent, previously linked
to poorer prognosis.
112930 In addition, some methods
are more likely to lead to successful suicide indepen-
dentlyofintent,bybeingmorelethal.
1531Regardlessof
this,however,suicideattemptsbyhanginganddrown-
ing in particular were strongly associated with risk of
eventual successful suicide above the baseline risks
represented by self poisoning and cutting.
In people with severe mental illness, such as a psy-
choticandaffectivedisorder,methodssuchashanging,
drowning, and using a firearm indicated a particularly
high risk. Even in those without documented
Table 2 |Successful suicide during follow-up for different methods of index suicide attempt stratified by psychiatric diagnosis* in 38 837 people who
attempted suicide and were admitted to hospital during 1973-82 in Sweden and followed up to 2003. Figures are numbers (percentages) and hazard ratios†
with 95% confidence intervals
Diagnostic group and method
Men (n=17 762) Women (n=20 075)
Total No
Suicide within
1 year after
index attempt
Suicide during
follow-up HR (95% CI) Total No
Suicide within
1 year after
index attempt
Suicide during
follow-up HR (95% CI)
No psychiatric diagnosis
Poisoning 9696 323 (3.3) 981 (10.1) Reference 12 871 300 (2.3) 863 (6.7) Reference
Gassing 143 15 (10.5) 25 (17.5) 1.7 (1.2 to 2.6) 61 5 (8.2) 7 (11.5) 1.8 (0.9 to 3.8)
Hanging, strangulation,
or suffocation
142 75 (52.8) 80 (56.3) 8.3 (6.6 to 10.5) 57 25 (43.9) 28 (49.1) 9.0 (6.1 to 13.1)
Drowning 78 10 (12.8) 13 (16.7) 1.9 (1.1 to 3.3) 44 9 (20.5) 11 (25.0) 4.7 (2.6 to 8.5)
Firearm or explosive 209 58 (27.8) 69 (33.0) 3.9 (3.0 to 4.9) 31 0 (0.0) 0 (0.0) 0 (0)
Cutting or piercing 807 27 (3.3) 76 (9.4) 0.9 (0.7 to 1.2) 295 7 (2.4) 19 (6.4) 1.0 (0.6 to 1.6)
Jumping from a height 280 89 (31.8) 97 (34.6) 4.7 (3.8 to 5.8) 192 33 (17.2) 44 (22.9) 3.8 (2.8 to 5.1)
Non-organic psychotic disorder
Poisoning 373 24 (6.4) 81 (21.7) Reference 520 25 (4.8) 85 (16.3) Reference
Gassing 12 7 (58.3) 8 (66.7) 5.4 (2.6 to 11.2) 1 1 (100.0) 1 (100.0) 20.0 (2.7 to 147.1)
Hanging, strangulation,
or suffocation
69 48 (69.6) 58 (84.1) 8.6 (6.0 to 12.2) 32 22 (68.8) 27 (84.4) 13.7 (8.7 to 21.5)
Drowning 18 8 (44.4) 12 (66.7) 6.2 (3.3 to 11.6) 19 12 (63.2) 13 (68.4) 9.7 (5.3 to17.8)
Firearm or explosive 9 5 (55.6) 5 (55.6) 4.2 (1.7 to 10.4) 2 0 (0.0) 1 (50.0) 2.8 (0.4 to 20.3)
Cutting or piercing 95 5 (5.3) 24 (25.3) 1.1 (0.7 to 1.8) 41 2 (4.9) 6 (14.6) 0.9 (0.4 to 2.1)
Jumping from a height 37 12 (32.4) 18 (48.6) 3.1 (1.9 to 5.2) 34 7 (20.6) 9 (26.5) 1.8 (0.9 to 3.5)
Affective disorder
Poisoning 1700 70 (4.1) 247 (14.5) Reference 3799 114 (3.0) 459 (12.1) Reference
Gassing 71 9 (12.7) 19 (26.8) 1.9 (1.2 to 3.0) 22 2 (9.1) 6 (27.3) 2.4 (1.1 to 5.3)
Hanging, strangulation,
or suffocation
149 71 (47.7) 82 (55.0) 5.7 (4.4 to 7.4) 86 44 (51.2) 50 (58.1) 7.6 (5.7 to 10.3)
Drowning 26 9 (34.6) 11 (42.3) 3.9 (2.1 to 7.1) 69 27 (39.1) 33 (47.8) 6.0 (4.2 to 8.5)
Firearm or explosive 22 11 (50.0) 15 (68.2) 7.7 (4.5 to 13.0) 2 1 (50.0) 1 (50.0) 7.1 (1.0 to 50.5)
Cutting or piercing 205 14 (6.8) 36 (17.6) 1.3 (0.9 to 1.8) 167 10 (6.0) 23 (13.8) 1.2 (0.8 to 1.8)
Jumping from a height 32 13 (40.6) 19 (59.4) 6.9 (4.3 to 10.9) 22 8 (36.4) 10 (45.5) 5.1 (2.7 to 9.6)
Other psychiatric disorder
Poisoning 3043 84 (2.8) 431 (14.2) Reference 2465 48 (1.9) 252 (10.2) Reference
Gassing 64 3 (4.7) 12(18.8) 1.3 (0.7 to 2.3) 9 0 (0.0) 1 (11.1) 1.8 (0.3 to 13.2)
Hanging, strangulation,
or suffocation
95 31(32.6) 35 (36.8) 3.7 (2.6 to 5.2) 38 15 (39.5) 18 (47.4) 8.6 (5.3 to 14.0)
Drowning 27 8 (29.6) 10 (37.0) 3.8 (2.0 to 7.1) 21 7 (33.3) 9 (42.9) 7.0 (3.6 to 13.7)
Firearm or explosive 14 2 (14.3) 4 (28.6) 2.2 (0.8 to 5.9) 4 0 (0.0) 0 (0.0) 0 (0)
Cutting or piercing 314 10 (3.2) 48 (15.3) 1.1 (0.8 to 1.4) 148 3 (2.0) 18 (12.2) 1.2 (0.7 to 1.9)
Jumping from a height 32 6 (18.8) 9 (28.1) 2.5 (1.3 to 4.8) 23 2 (8.7) 6 (26.1) 2.9 (1.3 to 6.6)
*Excludes 9812 people diagnosed between 1 week and 1 year after index attempt as these might represent subclinical psychiatric disorders not evident at index assessment and other
methods and late effect of suicide attempt and other self inflicted harm.
†Adjusted for age, level of education, and immigrant status.
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extremely high risk for subsequent suicide.
As in previous studies,
793233suicide was particularly
common during the first year after the index attempt,
perhapsbecauseofadistressinglifesituationorintense
symptom rich phases of coexisting psychiatric disor-
der. For example, when we stratified analyses by psy-
chiatric comorbidity, 69% of those who attempted
suicide by hanging and had a psychotic disorder died
fromsuicidewithinoneyear.Theimportantshortterm
excess in suicide rate after a suicide attempt by such
means has not been acknowledged in previous studies
and suggests possible benefits of more focused after-
careduring the firstfewyearsafteradmissiontohospi-
tal. For the sake of preventive measures, it should also
be noted that patients often used the same method for
the index attempt and the eventual successful suicide.
Conclusion
Aftercare for people who have attempted suicide is
often based on estimates of suicidal intent.
34 Other
reportshavesuggestedthatpsychiatricdisordershould
be considered in the evaluation of risk.
9 Our findings
strongly indicate that such assessments should also be
guided by the method usedas people who attempt sui-
cide by hanging, drowning, shooting by firearm, or
jumping from a height are at substantially higher risk
for completed suicide in the short and long term.
Furthermore, people who attempt suicide by highly
lethal methods are likely to choose the same means at
the final suicidal act.
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